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Abstract
Background. Nutrition is a relevant concern for patients with cancer, as malnutrition has been
associated with poor outcomes in cancer treatment. The period after a cancer diagnosis and prior
to chemotherapy represents a window of opportunity to assess dietary intake and optimize
nutritional status before side effects of cancer treatment occur.
Objective. The objective of this study is to assess the dietary habits of patients with cancer prior
to chemotherapy and compare their intake against the Dietary Guidelines for Americans (DGA)
recommendations.
Design. This cross-sectional study collected data on select participants using a validated dietary
intake questionnaire, a demographic and lifestyle questionnaire, and an unstructured qualitative
interview on supplement use.
Participants/setting. Four adult participants were recruited from November 2019 to February
2020 through their treating physicians at Loma Linda University Health Cancer Center.
Participants were required to be 18 years and older with recently diagnosed cancer (stage I-III)
and assigned to receive immunosuppressive chemotherapy treatment. Patients with history of
prior chemotherapy treatment for cancer were excluded from this study.
Main outcome measures. The primary outcome measures were mean intake by food group and
percent of DGA recommendation met for each food group.
Statistical analyses performed. Given the sample size, only descriptive statistics were calculated.
Results. Participants exceeded the DGA recommendations for vegetables (256.0%), fruits
(125.0%), and protein (118.2%). Participants did not meet the DGA recommendations for grains
(38.3%), dairy (30.0%), and fats and oils (30.0%).
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Conclusions. Our study design and results provide information for further exploration to assess
dietary habits of recently diagnosed cancer patients and the importance of nutrition prior and
after chemotherapy. Dietary habits prior to chemotherapy may be identified as potential risk
factors if a patient does not meet all the DGA recommendations.
Introduction
By 2020, cancer is predicted to become the leading cause of death in the United States
(US).1 Currently, an estimated 23.2 million US adults have had a diagnosis of cancer,
representing 9.4% of the population.2 Nearly 40% of the US population is expected to be
diagnosed with some form of cancer in their lives.3 The four most common types of cancer are
breast cancer, lung and bronchus cancer, prostate cancer, and colorectal cancer.3 Symptoms of
cancer, if present, can be highly variable and nonspecific. This can pose a challenge for prompt
screening, diagnosis, and treatment.
Chemotherapy is a common form of cancer treatment that is administered in the
outpatient setting to approximately 650,000 US patients each year.4 Chemotherapeutic
medications can be classified as alkylating agents, plant alkaloids, antitumor antibiotics,
antimetabolites, or topoisomerase inhibitors.5 Many of the common side effects of chemotherapy
like nausea, vomiting, appetite loss, and taste changes can raise the risk of malnutrition
and micronutrient deficiencies.6 Some forms of chemotherapy may induce micronutrient
imbalances as a side effect.6 Alterations in mineral status have also been observed in various
forms of cancer prior to treatment.7-9 Nutrition clearly plays a role in cancer pathogenesis and
treatment outcomes, however there are limitations to the comprehensive evaluation of nutrition
status of patients with cancer in the clinical setting.
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The US Departments of Health and Human Services (DHHS) and Agriculture (USDA)
has been tasked with providing a national nutrition guidance called the Dietary Guidelines for
Americans. The Dietary Guidelines inform the development of federal food, nutrition, and health
policies and programs.10 These guidelines can be used by health care professionals to assess
whether patients are meeting the guidelines and to provide recommendations for healthy eating.
The guidelines serve as an evidence-based resource for what achieving a healthy eating pattern
includes. Some of the recommendations include focusing on a variety of nutrient-dense foods,
being aware of portion sizes, limiting calories from added sugars and saturated fats, reducing
sodium intake, shifting to healthier foods and beverages choices, and supporting a healthy eating
pattern for all. Unfortunately, few clinicians have used standardized tools to assess their patient’s
adherence to these recommendations. We had a unique opportunity to work with a team of
healthcare professionals, including an oncologist and pharmacist to investigate dietary intake
among cancer patients preparing to undergo chemotherapy. We were primarily interested in
determining how their intake of food groups compares to the Dietary Guidelines for Americans
recommendations.
Methods
Subjects:
Four adult participants with recently diagnosed cancer were recruited through their
treating physicians at Loma Linda University Health Cancer Center. To be included in the study,
participants had to be 18 years and older, with recently diagnosed cancer stage I, II, or III, and
assigned to receive immunosuppressive chemotherapy treatment. Patients with history of prior
chemotherapy treatment for cancer were excluded from participating in this study.
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Recruited participants were provided information about the purpose of the study, what
they will experience, the risks and benefits of participation, and the voluntary nature of
involvement in the study. The risks for participants in this study included the possibility of
breach of confidentiality. All methods and procedures were approved by the Institutional Review
Board of Loma Linda University prior to the start of the study and each participant signed a
statement of informed consent before entering the study.
Instruments:
A questionnaire collecting demographic data, health, and diet information was developed
by the graduate student researchers and completed by each participant. The demographic section
included questions about gender, age, race, cancer stage and type, and chemotherapy treatment in
fill-in-the-blank format. The rest of the questionnaire was in a multiple-choice format and
included questions like “How often have you experienced nausea in the last week?” and “Do you
currently smoke cigarettes?” The estimated time to complete the questionnaire was
under 45 minutes.
A dietary intake questionnaire validated in an adult population in Southern California was
administered to capture dietary habits over the past six months.11 For each item listed in the
dietary intake questionnaire, participants were instructed to mark one of eight frequency options
that best matched their average intake of the listed item during the past six months.
Participants received this questionnaire and a pre-paid envelope so that the questionnaire could
be conveniently completed at home and mailed back the researchers.
Procedures:
Researchers met with participants at the Loma Linda University Cancer Center prior to
beginning chemotherapy. The researchers obtained information about the participant’s cancer
5

type, treatment plan, weight, and height from the Cancer Center providers. Researchers
conducted a structured qualitative interview with participants regarding herbal and dietary
supplement use. Participants were given two questionnaires: one questionnaire gathered
demographic data, mood, health, and diet information and the other was a dietary questionnaire
previously validated by researchers at Loma Linda University. These two take-home
questionnaires were given to the participant and a pre-paid envelope provided so that they could
mail back the completed questionnaires at their convenience, but before the start of their
chemotherapy treatment.
Statistical Analysis
Data were analyzed using the IBM® SPSS version 25 software. The food intake data was
converted into food groups after which descriptive statistics (mean and standard deviation) were
obtained.
Results
Data were collected among four participants prior to the initiation of their chemotherapy
treatment. The age range of the participants were from 34 to 61 years old (mean age = 51.5 years
± 12.0) (Table 1). Three of the four participants were females. With regards to cancer type, two
participants had breast cancer stage II, one participant had pancreatic cancer stage II, and one
participant had endometrial cancer stage IB.

Table 1. Profile of Participants (n = 4)
Patient

Age

Gender

Cancer Type

1

57

Female

Breast – Stage II

2

54

Male

Pancreatic – Stage II

3

61

Female

Endometrial – Stage IB

4

34

Female

Breast- Stage II
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Data collected from the dietary intake questionnaire was categorized into the individual
food groups: vegetables, fruits, grains, dairy, protein, and fats and oils (Table 2). The mean
intake of the participants per food group are listed along with their standard deviations. The
DGA recommendations are included to compare to the average participant intake. The
percentages listed represent the percent difference between the mean intake of the participants
compared to the DGA recommendations.
Based on the DGA recommendations, participants met and exceeded the
recommendations for vegetables, fruits, and protein (Table 2). For vegetables, participants
exceeded the recommendation of 2.5 cups per day by 156%. With the fruits group, participants
exceeded the recommendation of 2 cups per day by 25%. For protein, participants exceeded the
recommendation of 5.5 ounces per day by 18%. However, participants did not meet the DGA
recommendations for grains, dairy, and fats and oils (Table 2). With grains, participants only met
38% of the recommendation of 6 ounces per day of grains. For dairy, participants met only 30%
of the recommendation of 3 cups per day. Last but not least, participants met only 30% of the
recommendation of five teaspoons per day of fats and oils.

Table 2. Mean intake of Food Groups compared to Dietary Guidelines for Americans (DGA)
Recommendations
Mean Intake Amt (SD)

DGA Recommendation

% of DGA

Vegetables (cups/d)

6.4 (6.3)

2.5

256.0

Fruits (cups/d)

2.5 (2.6)

2.0

125.0

Grains (oz/d)

2.3 (1.1)

6.0

38.3

Dairy (cups/d)

0.9 (0.3)

3.0

30.0

Protein (oz/d)

6.5 (4.4)

5.5

118.2

Fats & Oils (tsp/d)

1.5 (0.9)

5.0

30.0

SD: Standard Deviation
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Prior to the start of chemotherapy, participants completed a questionnaire about their
recent health and lifestyle habits. The participant’s responses to questions about experiences with
nausea, vomiting, exercise, diarrhea, constipation in the past week and smoking status are
presented in Table 3. Two of the four participants reported having nausea in the past week, one
for 3-4 days and the other for >5 days. One participant reported less than one vomiting episode in
the past week. All participants reported exercising between 1-4 days in the past week for at least
30 minutes. Two participants reported experiencing diarrhea 1-2 days in the last week. Three of
the participants identified themselves as non-smokers and one as an ex-smoker.

Table 3. Participant Responses to Pre-Chemotherapy Questionnaire
Participant 1 Participant 2 Participant 3 Participant 4
How often have you
experienced nausea in
the last week?
How often have you
experienced vomiting in
the last week?
How often did you exercise
30+minutes per day in the
last week?
How often have you
experienced diarrhea in
the last week?
How often have you
experienced constipation in
the last week?

0

0

3-4 days

5+ days

0

0

< once

0

1-2 days

3-4 days

1-2 days

3-4 days

0

0

1-2 days

1-2 days

0

0

< once

0

Do you currently smoke
cigarettes?

No

No

No

No

Are you a former cigarette
smoker?

Yes

No

No

No

If you were a former smoker,
on average how much did
you smoke in a day?

1 pack
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Discussion
Our goal was to assess dietary intake among cancer patients prior to chemotherapy and
compare to the DGA recommendations. We hypothesized that participants would meet
recommendations for all food groups as outlined in the DGAs. However, our analysis showed
that participants did not meet DGA recommendations for the food groups of grains, dairy, and
fats and oils. Participant met and exceeded the DGA recommendations for the food groups of
vegetables, fruits, and protein. Participants not meeting all DGA recommendations before
chemotherapy is a concern for diet and nutrition implications once chemotherapy begins.
Based on our results, it may be a challenge for patients to attain and maintain optimum
nutritional status during chemotherapy if their intake prior to chemotherapy is below the
recommendations.12 This finding is supported by research published by De Vries and colleagues,
which found that during chemotherapy breast cancer patients reported significantly lower total
energy, fat, protein, and alcohol intake. 12 De Vries and colleagues mentioned the symptoms of
chemotherapy were associated with the lower dietary intake, which is of concern.12 Known
rejection of certain food groups during chemotherapy interferes with patients being able to meet
dietary needs and maintain adequate nutritional status. Prior to chemotherapy, patients should be
assessed and provided nutritional guidance on how to improve their nutritional status.
In addition to an inadequate diet intake prior to chemotherapy and the rejection of certain
food groups during chemotherapy, weight loss may occur. In a study that looked at 170 patients
with advanced pancreatic cancer, the results showed that even a small amount of weight loss of
less than 5% of body weight before treatment is associated with a poorer prognosis and warrants
for early medical nutrition therapy.13 Malnutrition may occur when the patient has inadequate
energy intake and protein than the amount the body needs. Although malnutrition among
9

individuals various widely by cancer type and stage at diagnosis, the prevalence of malnutrition
has been estimated to be between 15% and 80% of cancer patients and may lead to prolonged
hospitalizations.14,15 Nutritional support and interventions should help patients compensate for
inadequate nutrient intake with the purpose to improve nutritional status and clinical outcomes.
Additional research should take into consideration the importance of monitoring the nutrition
status of chemotherapy patients not only while undergoing chemotherapy, but also in the weeks
and months following treatment.
A strength of this study is the use of data from a validated dietary intake questionnaire to
estimate the habitual dietary intake among patients with cancer for the six months prior to
chemotherapy. The data collected was beneficial in generating individual information on each
participant prior to chemotherapy and their food intake patterns. The DGA recommendations are
an accessible reference point that help to contextualize the findings from the dietary intake
questionnaire. This methodology could be easily applied in future studies to estimate dietary
intake and nutritional adequacy throughout the cancer treatment process.
Given the study design, there are several limitations. The sample size of the study was
small with four participants, which is not a large enough sample size for the results be
generalizable. While the dietary intake questionnaire is validated for use in the population of
adults studied, bias is to be expected with this type of retrospective questionnaire. Self-reporting
bias and recall bias are two forms of bias that are common with retrospective, self-reported
questionnaires where individuals are asked to recall and report diet patterns across specified
periods. For our study, participants were asked to complete the dietary intake questionnaire
keeping in mind their diet pattern over the past six months. It can be difficult to accurately recall
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dietary patterns over the past six months, so participants may have unintentionally reported more
or less of the foods and beverages than were consumed.
Conclusion
In conclusion, our study design and results provide information for further exploration
into the need to assess diet habits of recently diagnosed cancer patients and the importance of
nutrition prior, during and after chemotherapy. Dietary habits prior to chemotherapy may be
identified as potential risk factor for inadequate food intake if a patient does not meet all the
DGA recommendations. This concern becomes even more pronounced once chemotherapy
begins.
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Appendix B. Lifestyle Habits Questionnaire
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